Yttrium iron garnet (YIG) powder has been synthesized in just less than 10 min in a multimode microwave oven operating at 2.45 GHz. The simple solid-state synthesis involves an anisothermal reaction between a highly microwave absorbing Fe 3 O 4 and a low microwave absorbing Y 2 O 3 at temperatures of 1300°C. The rapidity of the YIG formation suggests that the reaction rate is possibly enhanced by several times in a microwave field.
In general, most of the solid-state reactions are carried out in conventional furnaces where heating takes place more or less isothermally. The transfer of heat occurs from the external heating elements of the furnace to the constituent phases in the sample by radiation and convection. Because thermal conductivities of the phases differ, small temperature gradients must exist for short times depending on the experimental conditions. For example, the typical heating of a sample from ambient to 1500°C in 2 h will be different from inserting a cold pellet into a preheated furnace at 1500°C.
Since 1985 1 our microwave radiation-solid matter research has produced a sequence of surprising results which certainly suggest something very different about microwave heating as compared to conventional furnace heating. Certainly the increase in kinetics of sintering by 10-100 times requires an explanation, especially since we have demonstrated it in a wide variety of systemsapatite, 2 alumina, 3 spinel, 3 WC-Co, 4 metals, 5 etc. The most dramatic example was in the BaCO 3 -TiO 2 system, where one could get reactions in 1 min that could not be attained in 12 h in conventional furnaces.
The key explanation proposed by Roy 6 was that one aspect of the elusive "microwave effects" was that at least in the two-component systems the microwavematerials interaction develops a reaction condition for a prolonged period of a hitherto never attained condition in materials science-"anisothermal reaction." As the term implies, this means two intimately mixed phases reacting while one is maintained at a much higher temperature than the other.
To furnish experimental evidence to back up this explanation we undertook a study of such systems that could clearly demonstrate the anisothermal reaction condition. This unique feature, which is referred to as an "anisothermal" process occurs only in microwave heating, where the components of the system heat at different rates to different temperatures. A large temperature difference leads to a reaction path and diffusion mechanisms different from those of the conventional isothermal heating. Hardly any information is available in the literature on anisothermal reactions and associated diffusion mechanisms. A system containing a mixture of species having low and high microwave absorption characteristics is the best suited example for anisothermal studies. In this study we demonstrate the anisothermal heating behavior in the Y 2 O 3 /Fe 3 O 4 system and attempt to understand the possible reaction and diffusion mechanisms. Conventional heating studies show that an appropriate mixture of these compounds produces yttrium iron garnet (YIG), which has attractive magnetic and magnetooptic properties. It is to be noted that the isothermal (conventional) solid-state reactions leading to the formation of YIG involve high temperatures (1200-1500°C), lengthy processing times (3-72 h), and intermediate grindings. 7, 8 However, recent reports 9,10 have already established the fact that the microwave synthesis of this compound can be achieved in a few minutes. Ostorero et al. 9 We carried out the diffusion couple experiments at 1300°C and at three different reaction times, namely 25, 60, and 90 min. The formation of a product layer was observed on the top of the Y 2 O 3 layer, and an increase in the layer thickness with time was visually observed. However, no evidence of Y 3+ ion counterdiffusion across the phase boundary toward Fe 3 O 4 was observed. The formation of a product layer over Y 2 O 3 clearly suggests that the phase boundary has moved away from the contact interface.
To some extent the above explanations are valid for powder reactions. Various parameters such as grain-size distribution, grain shape, contact area between grains, vapor pressure, and rate of vaporization play an important role in powder reactions. Using Fe 3 O 4 , the YIG formation reaction can be written as
X-ray diffractograms in Fig. 3 show various product phase formations during microwave reaction at 1300°C. From the figure it can be seen that YIG formation occurs just after 2 min of reaction. The reaction was completed in just 12 min producing nearly (with little YFeO 3 ) single-phase YIG. The YFeO 3 phase always coexists with YIG, which has also been observed in many conventional reactions. More detailed microwave experiments on the Y 2 O 3 -Fe 3 O 4 system and relevant explanation on the formation of the YFeO 3 phase can be found elsewhere. 12 Interestingly, in these experiments the amount of YFeO 3 reduces to approximately 5% after 10 min of reaction at 1300°C.
We make an attempt to understand this phenomenon of abnormal reaction rate. When a Y 2 O 3 :Fe 3 O 4 powder mixture is microwave heated, the randomly distributed Fe 3 O 4 (source) particles heat up and transfer the heat to neighbouring Y 2 O 3 (sink) particles. The entire mixture is believed to be consisting of infinite sources and infinite sinks. Our recent model experiments 12 using a simple diffusion couple prove the fact that the species from the high-temperature material readily diffuse into the lowtemperature one to form a thin product layer at the interface within seconds. Powder particles, unlike a diffusion couple, obey Carter's equation 13 and react rather rapidly and completely. In the case of a mixture of sources and sink particles, we believe the higher temperature in source particles enables a directional diffusion of Fe 3 O 4 species into Y 2 O 3 particles and thus forming a reaction product layer. Subsequent advancement of the reaction layer to a complete conversion depends on either rapid surface diffusion or gas-solid reaction between particles that, in this case, is dependent on various factors such as mole ratio of heat sources (m l ) to heat sinks (m s ), the microwave absorption of the product layer, surface area of reaction particles, etc. The following reasons should be accounted for the rapid reaction observed in the YIG formation reaction: (i) m l (1.666)/m s (1.500) > 1; (ii) YIG by itself is a good microwave absorber at elevated temperatures. In addition to all these, we believe that the electromagnetic field plays a crucial role in product formation. However, at this stage, the role of electromagnetic field in promoting reaction rate is not yet clearly known. 
